The unsaturated soil hydraulic properties, including soil water retention curve and hydraulic conductivity, are the crucial input parameters for simulating soil water and solute transport through the unsaturated zone at regional scales, and are expensive to measure. These properties are frequently predicted with pedotransfer functions (PTFs) using the routinely measured soil properties. 110 soil samples at 22 soil profiles from Jiefangzha Irrigation Scheme in the Hetao Irrigation District of Inner Mongolia, China were collected for the analysis of soil properties i.e. soil bulk density, soil texture, particle size distribution, organic content, and soil water retention curve (SWRC). The Brooks-Corey (BC) model and van Genuchten (VG) model were used to fit the measured SWRC data for each soil sample by using the RETC software. Pedo-transfer functions (PTFS), which describes relationship between the basic soil properties and the parameters of the BC and VG models, were then established with the artificial neural networks (ANN) model. It is found that the ANN model has better effect on the clay loam, loamy clay, loam soil and silty clay to simulate BC model. However, it has better effect on the loam soil, loamy clay and sandy clay to simulate VG model. So, we can draw the conclusion that the ANN model can conveniently establish PTFS between soil basic feature parameters and SWRC model and has reasonable precision. This will be a good method to estimate soil water characteristic curve model and soil hydraulic parameter in the regional soil water and salt movement simulation and water resources evaluation.
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INTRODUCTION
Soil hydraulic properties, including soil water retention curve (SWRC) and hydraulic conductivity, are the crucial parameters for simulating soil water and solute transport through saturated and unsaturated zone. Many empirical models were developed to describe the soil hydraulic properties, among them both the van Genuchten (VG) model (van Genuchten, 1980) and Brooks-Corey (BC) (Brooks and Corey, 1974) model are widely used in the simulation of water and solute transport. However, for large-scale problems, when the temporal and spatial variability of the region is considered, the required measurements of soil hydraulic properties are tremendous, time-consuming, and very expensive. The pedo-transfer functions (PTFs) are the promising tool to estimate the soil hydraulic properties with more easily measured or basic soil properties in the attribute database of a digital soil survey map, in which soil hydraulic properties are not always available. The PTFs for soil hydraulic properties are those functions, with which the parameters in VG and /or BC model are expressed as the linear or nonlinear empirical functions of different land characteristics and soil properties, i.e. soil texture (including sand, silt and clay contents), bulk density and organic mater content (Pachepsky et al., 1996; Tamari et al., 1996; Schaap and Leij, 1998; Minasny et al., 1999; Schaap et al., 2001) . The PTFs were firstly described by Bouma and van Lanen (1987) , .a recent approach for fitting PTFs is to use artificial neural networks (ANN) (Pachepsky et al., 1996; Schaap et al., 1998) . Tamari and Wosten (1999) gave a review on the ANN and its application on predicting soil hydraulic properties. Most researchers have found that the ANN performs better than multi regression (Schaap et al., 1998, Koekkoek and Booltink, 1999) . More recently, based on the ANN, Budiman et al. (2002) and Nemes et al. (2003) developed computer codes for the PTFs. An advantage of using the ANN based approach is that there is needed to assume a prior relationship. Minasny et al.(1999) found that the ANN based approach performs as well as the extended nonliner regression. Because the PTFs are site specific, the PTFs developed in one region are not always applicable in other regions with acceptable accuracy (Tietje and Tapkenhinrichs, 1993; Kern, 1995; Tietje and Hennings, 1996; Cornelis et al., 2001; Wagner et al., 2001; Nemes et al., 2003) . Therefore, it is necessary to develop the PTFs for any specific study areas.
The objective of this study is to develop the PTFs for estimating the parameters of the VG and BC models with the use of ANN, based on the datasets collected in Jiefangzha Irrigation Scheme (see the Fig.1 ) of Hetao Irrigation District in Inner Mongolia, China. And the PTFs will be used to develop the digital soil map for the spatial distribution of SWRC in the study area. 
MATERIALS AND METHODS

Soil sampling
The soil samples were collected from Jiefangzha Irrigation Scheme in the Hetao Irrigation District of Inner Mongolia, northwest of China(see the Fig.1 ). The total area of Jiefangzha Irrigation Scheme is 2.16×10 5 hm 2 . 22 points were selected for monitoring soil water and salt content in this area. Undisturbed soil samples were collected by using two kinds of soil samplers from soil layers 0-10 cm, 10-20 cm, 20-40 cm, 40-70 cm, and 70-100 cm along soil profiles at each monitoring point. The first kind of soil sampler has diameter 50.46mm and height 35mm, while the second kind of soil sampler has diameter50.46mm and height50mm . Soil samples with the first kind of soil sampler are collected for each layer, and they were used to determine the bulk density and porosity. While soil samples with the second kind of soil sampler are collected for each layer, and they were used to determine the SWRC by using a pressure apparatus (Soilmositure, USA-SEC) at the different suction pressures 0, 100, 200, 300, 400, 500, 600, 900, 1100, 2200, 3300, 4400, 5500, 7700, 9900, 12400, 14800cm.. At the same time, 500g disturbed soil samples each at the same layer as that of the undisturbed sample for all profiles. The disturbed soil samples were used to determine soil particle size distribution by using the sieve method and gravimeter. The organic matter content was determined by the WalkeyBlack method.
VG and BC models
The VG model for SWRC can be expressed (van Genuchten, 1980) :
( 1) where S e is the degree of soil saturation; denotes the volumetric soil water content (cm 3 .cm −3 ), r and s are the soil residual and saturated volumetric water contents (cm 3 cm −3 ), respectively, h is the soil water pressure head (cm); in cm −1 , n and m are parameters defining the SWRC shape, and m=1-1/n. The BC model for SWRC can be expressed (Brook and Corey, 1974) :
Where 1 is parameter reflecting the value of air entry suction; is the soil pore-size distribution index.
The model parameters r , s , , 1 , n, m and were obtained by fitting the two functions to the measured soil water retention data with the nonlinear leastsquares optimization program RETC (van Genuchten et al., 1991) .
Pedo-transfer functions of neural networks
Neural network model is quite powerful and according to Gershenfeld (1999) with on hidden layer that has enough hidden units, it can describe any continuous function. Conventionally, parametric PTFs train the network to fit the estimated van Genuchten parameters. But there are some problems (Budiman Minasny and McBratney, 2002) . Based on the ANN theory (Gershenfeld, 1999), we proposed a new objective function for neural network training, which can predict the VG and BC model parameters with minimizing the difference between the measured water contents and the predicted values. The detail procedure can be seen in Fig.2 . The steps are as follows: 1). fit the individual water-retention curve to van Gentuchten function and Brooks-Corey function and estimate the parameters r , s , , 1 , n and .
2).Train the neural network to predict the parameter vector p = [ r ， s ， , n ] from basic soil properties by minimizing objective function.
The above steps are usually used for parametric PTFs. It is a neural network with an objective function that matches the parameters. The proposed method continues with fine-tuning steps described below:
3). Use the trained weights as an initial guess for the second training, which fine tunes the estimates.
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1193 4). For each soil sample, predict the hydraulic parameters with the trained weights, and calculate the water content using the van Genuchten equation and Brooks-Corey equation at each of the measured potentials. 5). Adjust the weights and error U, to minimize the difference between the predicted and measured water content with the optimization routine. A neural network with an objective function can match the measured or observed values.
The neural network based PTFs can predict the model parameters r , s , , 1 , n, m and with basic soil properties as their inputs. Four kinds of inputs were considered: (1) when particle size distribution is only available, the inputs are sand (>0.05mm), silt (0.05-0.002 mm) and clay (<0.002 mm) contents;(2) the inputs are particle size distribution and soil bulk density; (3) the inputs are particle size distribution and soil organic matter content; (4) the inputs are particle size distribution, soil bulk density and soil organic matter content. The data was randomly divided into a calibration set with 80 samples and a validation set with 30 samples. Because α and n are lognormally distributed, the outputs of prediction are θ s 、θ r 、ln(α)、ln(n). The network consists of one hidden layer with sigmoid action function in the hidden layer and linear function in the output. The parameters of ANN model were determined by trial and error method. The BP network was performed with the Neural Network Toolbox in MATLAB program ver.7.0 . 
RESULTS AND DISCUSSION
Physical and chemical properties
The physical and chemical properties of 110 soil samples at 22 profiles were shown in Table1. Loamy soils account for 68.2% of the total soil samples, clay soils accounts for 30% of the total soil samples, where sandy soil only accounts for less than 3% of the total soil samples. The spatial distributions of soil texture in the study area are sand clay loam, loam and clay loam in the upstream zone (southern part). Most soil textures are clay loam in the midstream zone (middle part), while loamy clay is the main soil texture in the northern part. In the soil horizon of 0~40 cm, sandy clay loam accounts for 70% of the soil textures in the upstream zone (southern part), clay loam accounts for 65% of the soil textures in the midstream zone (middle part), while loamy clay land clay loam are the major soil textures in the downstream zone (northern part). The statistics results of total 110 soil samples see the table 1. It is founded that the organic matter content of sandy loam, loam and clay loam are relative high. This can indicate that the soil texture has closely relation with physical and chemical property of soil. 
The fit and establishment of soil water retention curve (SWRC) model
By fitting the VG and BC model to the measured data for each soil sample, we obtained the model parameters as shown in Table 2 and Table 3 . According to the fitted results we found that the model parameters of VG model and BC model soil property have significant influence on parameter of model. For example, the n of VG model will decrease with the decrease of organic matter content (see the table 1). At the same time, the soil clay particle content has good relations with n, α of VG model.
According to the fitting results, it is found that the two kinds of models have good effects. The model parameter of 9 kinds soil texture was calculated their average (see the table 2 and table 3 ). The maximum error of measured value and fitted value is less than 5%. Furthermore, the Van Genuchten is better than Brooks-Corey model. Table 3 The fitted parameters for Brook and Corey model by using the RETC program
Pedo-transfer functions based on ANN model
The training of BP model was performed by using the randomly selected 80 soil samples, and the parameters of the two models were estimated according to the basic soil property data. And then the established ANN PTFs were tested with another 30 sample data. The tested results were shown in Tables 4 and 5 . It can be found that the average relative error (ARE) decreases gradually with inputs factors increase. Therefore, it is better to estimate the parameters of SWRC by using soil bulk density, particle size distribution and soil organic matter contents.
From the comparison of two kinds of models, VG model is better than BC model. From the table 4 and table 5 we can see that, the ANN model has good prediction ability.
As shown in 
CONCLUSION
The van Genuchten model and Brooks-Corey model was selected as the optimal equation to describe the soil water retention characteristic of Jiefangzha irrigation area soils. PTFs based on the ANN model for estimating soil hydraulic characteristics were derived from basic soil properties (particle-size distribution, soil organic matter, and bulk density). Among the four parameters of Eq. (1) and Eq. (2), the saturated water content ( θ s) was best predicted through the entire soil data set, while prediction of the value of n and residual water content (θ r) was the poorest, The developed ANN models for estimatingθ s, θ r, ln(α ) ln(α 1)/ and n/λ were tested for their stability and predictability by the double crossvalidation method. It was found that the signs of the regression coefficients and the determination coefficients were stable. The PTFs obtained from this study appear superior in predicting the soil hydraulic parameters, compared to multi-regression PTFs. The PTFs derived in this study were used to estimate soil water retention curve and has better effects. So, we can determine the spatial distribution of regional soil parameters through this method and PTFS which based on the ANN model.
